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ABSTRACT 



Very frequently it has l>ccn necessary to compute the energy distribution of a "black 
body" in the visible spectral region, at some particular temperature, from Planck's 
[annul 



Ex= 






Such compw n consumes much time and labor; in consequence, the following 
short cuts in the of tables and graphs have been devised. 

Og the equation in the form 



E\ 

a table has been made with values of X0 and corresponding values of vr« For any 

given temperature the wave lengths in the visible, and partly in the ultra-violet and 

infra-red regions, corresponding to these values of relative energy, can readily be 

ined from the products X9. Hence the spectral energy curve can be plotted at 

once. 

Two sets of tables have also been made up, each for 38 temperatures, in which the 
relative energy values computed directly from Planck's formula arc recorded for the 
wave lengths 400 to 720 m/i at intervals of 10 millimicrons — one set having the 
e: ue equal to 100 at 590 wjij the other equal to 100 at 560 m/i. The tempera- 

ture range is from 1,000 to 28,000° K. (accuracy, within 0.15 per cent). 

From one of these tables a series of isochromatic curves has been constructed. 
'flit- relative energy has been plotted (accuracy, within 0.33 per cent) against the 
absolute temperature, and one complete curve drawn for each of the 33 wave lengths. 
From these graphs, the energy distribution for the visible region can be obtained in a 
few minutes for any temperature whatever in the range above specified. 

t INTRODUCTION 

In connection with the work of the color laboratory, very 
frequent use is made of the spectral energy distribution at various 
temperatures of "black body" radiation, as represented by 

Planck's formula: ' " "* " ~ J 



E> 



. 



(1) 



/., is the radiant energy for any wave length X. at any temperature 

(degrees absolute); d and C 2 are constants, and 1 is the base 
of the natural logarithms. As a rule it is desired to know the 
relative values of E at a given tempcrattfve for a range of ^20 niju 
throughout tl\c visible trum; that is, 400 to 720 mp, at inter- 

\ of 10 m/i. Mo , these values must conform to a scale 

uch thai at some particular wave length E will always be the 
ame for all temperatures, for instance, equal to 100 at wave 
length 560 m/i. a When computed directly from the formula, this 
proves to be a long and tedious process; therefore, certain short 
cuts have been devised. Tables have been made and curves 
plotted which greatly facilitate this work. It was thought 
worth while to publish these for the benefit of others who make 
unilar use of this formula. The following reference tables have 
been found of great assistance: F. \V. Newman and J. \V. D. 
Glaisher, Tables of Exponential Functions; C. E. VanOrstrand, 
Tables of the Exponential Function. 3 

II. EXPLANATION OF TABLES 

1. TABLE 1 

Instead of using Planck's equation in the form given above, it 
was combined 4 with Wien's displacement law connecting the 
temperature with the wave length at which the maximum energy 
occurs; that is, 

X«j9 - A, a constant (2) 

This maximum energy is given by 



Q\„r* 

&*» — I 



(3) 



A 



Substituting from (2) X m -y. equation (3) takes the form 



E m = 



<#> 



— I 



(4) 



Dividing (i) by (4) we obtain 






E m 



■m*-x*->r 



(5) 



An inspection of this equation will show that the right-hand side 
is a function of \0 alone. The values of the constants used in 
the computations arc: 

A =2,890 micron degrees 
C z = 14,350 micron degrees. 5 

Table i has been arranged with a wide range of values of X0 

E 

corresponding values of j^-> computed to four significant 



ran 
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Use of Table i. — From the products X0 the wave lengths can 
be readily computed for any temperature 6. (These wave lengths 
are in microns, and must be multiplied by 1,000 to be expressed 
in millimicrons.) The values of relative energy at these wave 
lengths are already known from the table; hence the distribution 
curve for this temperature can at once be plotted. The next 

step is to transform the values -±- so that at 560 m/i the energy will 

be equal to 100. This is accomplished by reading from the 
curve the energy coordinate for 560 m/i, taking its reciprocal (times 
100) and multiplying the other coordinates by this factor. The 
spectral energy curve is thus well defined and will pass through 
the required point at 560 m/i. 

It is frequently necessary to know the energy at every 10 my. 
beginning at 400 niju. These values, while not obtainable directly 
from the X0 computations, are readily obtained from the distribu- 
tion curve mentioned above, and can be read with accuracy (about 
0.2 to 0.6 per cent), provided the scale has been suitably chosen. 

In order, therefore, to obtain energy values for any temperature 

at every 10 m/i, with a given value at 560 m/x, the use of Table 1 

involves four distinct steps: (1) Computation of X from the products 

E 
\0; (2) plotting of X against-^ given in the table; (3) reading from 

* at intervals of 10 m/x; and (4) multi- 



this curve the values of 



E 



m 



1,000 to 
2,000 to 
3,000 to 
4,000 to 



plying these values by the reciprocal of the value at 560 m/x, and the 

product by 100. 

This process of computation, while more easily and somewhat 
more rapidly performed than direct calculation from Planck's 

formula, still consumes a considerable amount of time. Morc- 
ionnuia. sun consumes a consiaerauie amount ot time. More- 
over, without extreme care in the plotting of the curves, the 
accuracy obtainable may not be greater than 0.6 per cent. The 
use of Table 1 can not be recommended for great speed or great 
u curacy, under the conditions imposed in the introduction; but 
it is very useful to give readily the shape of the energy distribu- 
tion curve and the relative values of the energy when the above 
conditions need not be met. Moreover, with the use of Tabic 1, 

the curve can be extended into the ultra-violet and infra-red 
regions of the spectrum. 

2. TABLES 2A AND 2B 

These tables have been prepared directly from Wien's and 

Planck's formulas, with the exception only of the values for 

.000° K., which were calculated directly from Table 1. Wien's 

formula was used for temperatures 1,100 to 2,000° K., Planck's 

formula for 2,200 to 2S,ooo° K. Since the energy values given in 
these tables arc all relative to the value chosen for wave length 
560 (or 590) mn the constant C, does not enter into consideration. 
C, is taken equal to 14,350 micron degrees. The values in these 
tables are considered correct to within 0.15 per cent. 9 

The temperatures for which the energy values are given in these 
tables are as follows : 

2,000, by steps of ioo°. 
3,000, by steps of 200°. 
4,000, by steps of 250°. 
7,000, by steps of 500°. 
7,000 to 10,000, by steps of i,ooo°. 
10,000 to 2S,ooo, by steps of 2,000°. 
In Table 2A the energy has been made equal to 100 at 590 m/i for 
each temperature; in Table 2B the value 100 has been chosen at 
560 mji. 

III. EXPLANATION OF GRAPHS 

The plotting of the graphs was suggested by the existence of 

Tables 2A and 2 13. The energy dist 1 tbution is often required to be 

known for some temperature intermediate to those given, and a 
series of curves based on these tables should be very suitable to 
yield these data. This led to a scries of isochromatic curves, one 
for each wavelength at intervals of 10 m/x, from 400 to 720 m/x. £ x 
can be read directly for any temperature desired within the range 
1,000 to 2S,ooo° K. 

The plotting of these curves met with some difficulties for the 
following reasons: (1) It was desired to obtain an accuracy of 
plotting and of reading to 0.33 per cent. (2) The energy values 
vary from 0.007 (approximately) to 3,000; in other words, the 
largest value is about 400,000 times the smallest value. This 
necessitates several changes of scale for the energy coordinates. 7 
(3) The isochromatics crowd very closely together between 
temperatures 4,000 to 7,000°. 

In view of these considerations, it has been found necessary to 
plot the curves in sections on 40 by 50 cm sheets. Only that 
scries is given for which E x has the value of 100 at 560 m/i. The 
other scale of values (100 at 590) can readily be obtained from 
these by the use of a suitable factor. The accuracy mentioned 

• Cf. Table given in Jour. Op. Soc Am., i. p. jji; 1910; W. )'.. Korsythc. This tabic is convertible into 
Tabic 2 A or ill by the use of sun V.lr factors. Some of the values, however, have been found lobcslithtly 
in error, ami it is understood arc in process of revision. 

' Thelocarithmii t discarded as unsuitable for certain reciou. Nbmosramt proved rather cum- 

bi because of the form the equation takes for transforming the energy values to 100 at j5o nyi etc.: 



above (0.33 per cent) should apply except for E x less than 3.5 and 
possibly also on very steep parts or near the Hue 0- i,ooo° K. 
The temperature can be estimated to within i° for the rang< 
1,000 to 8,ooo°, and to within 5 for the range 8,000 to 28,000°. 
The curves have been tested by comparing values furnished by 
the graphs (for given temperatures other than those recorded in 
Table 2B) with the values computed for these temperatures. 

IV. PRACTICAL APPLICATION 

It has been shown 8 that a number of the ordinary illuminantS 
have a spectral energy distribution that approximates cl !ythat 
of a Planckian radiator. This property is valuable in that th 
unknown spectral energy distribution of an illuminant can very 
readily be determined if it can be matched in color with a so-called 
"black body." The temperature to which the "black body is 
brought in order to produce color match with the ilium man' 
defined as the color temperature of the latter. Since l his quan- 
tity is not difficult to determine in laboratories having suitable 
equipment, the energy distribution in the visible region of such 
illuminant can at once be recorded by reading from the charts 
the energy values for the given temperature. 

V. SUMMARY 

If it is required to know the spectral distribution of a Planckian 
radiator at any temperature throughout the visible and into the 
ultra-violet and infra-red regions, Table 1 affords a ready mean 
computing it with very little labor. But if the distribution curve 
is required to pass through a certain point (for instance, 100 at 
560 m/i), and if the values of energy are desired for 1 nn inter- 

560 m^), and if the vali of energy are d 

vals, further computation is nco try. 

been computed giving these values for 38 npcr.uti: 

interval 1 ,000 to 28/ ' K. 

In order to obtain directly the spectral distributi y 

temperature whatever in this interval, at u 

apart, and having tin ralue IOO at 560 TOM, chron ic 

curves has been constructed. From th< curv 
plotted to a large scale, the energy . alues can be read loan 

usually within 0.33 pel cent, the temi lure value- within 0.1 
per cent. 

VI. APPENDIX 9 

The question may arise as to what variation will h in 

the relative values of G x by the loption of 1 nt 
from 14.350; for example, Coblentz's most recent due 

constant is [4,320; the International Critical Tables I d 

1 4o3o; and further research may eventually cause further, ; h 
probably very small, revision of these la; values. 



An inspection of the equation, £ x 



C,V 



e 
-I 



she that the 



effect of a variation of C with constant is the same as, but oppo- 
site in sense to, a variation of with C 2 coi: at. 

So far as the graphs arc concerned, in which values of /" x are 
plotted against values of for the various wave len have, 

therefore, a ready means of obtaining true values of E x (within t 
precision already noted in the main part of the pa] nv 

value of C which it may be desired t. fhe method imply 

this: Compute the pereenta difference between [4, and the 
value to be used. Call this percent difference />. Multiply the 
temperature by 1 ±pjiOO and read values of £ x from the tphs 
at this corrected temperature. If C s is deer 1, must b< 

creased, and vice versa. 

While true values of E x may thus be obtained for any vah: f 
C„ and as readily as for the value 14 difference in !-\ 

obtained by using 14,320 or 14,330 is ill as to be negligible 

for most work for which these tables and pits will be 1 1. In 
the first place, the difference in temperature r, y to make the 

correction on the graphs is about 0.2 per cent, the order of magni- 
tude of differences in color temperature determinatioi ri- 

enced observers. In the second place, the differences in values of 
E x relative to that at 560 m/i caused by this 0.2 per cent change in 
C ; is but a few tenths of 1 per cent, except at the extreme wave 
lengths for temperatures below about 1 .500°, where they may be- 
come greater than 1 per cent. Spectral energy m< irements can 
scarcely be guaranteed within 1 per cent, while the discrepancies 
between spectral energy measurements and values of em im- 

puted for the corresponding color temperature may be several per 
cent in the end regions of the visible spectrum. 

While, therefore, true values of E x may be readily obtained from 
the graphs for any value of C,, it is probable that for most work 
the error involved in using values jofrZjrf'Vascji'on AM*4,$5ft-r r • 
that is, those given by the tables orifeatf frbiu j] i i&ACithout". 



the temperature correction — will be negligible. 
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TABLE .^-^) 5 (.M(« n -0"' 



[A-2,890 micron decrees, Ci-14,350 micron decrees, e A -1-14X371 



X5 to micron 
decrees 






600L-. 

4ML... 

IV).... 
HO.... 




<w... 

4*0.-.. 

4")..., 



510., 

5:0.. 

530.. 
540., 



SSO. 

560. 

570. 
5S0. 
590, 



O 0000000007367 
.000000001562 
.000000003165 
.000000006270 
.00000001193 

. 00000002201 
.00000003943 
.00000006879 

.0000001171 
.0000001942 



\9 in micron 
degrees 



Ei 



XI In micron 
degrees 



.0000003154 

.0000005016 
.0000007818 
.000001190 
. .000001799 




600- 
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620.. 
630... 
640... 
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660... 

670.... 

600.... 

4M.... 



TOO 

710 

.... 

740 

*0..... 
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■ 
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I #■'**;■ ■ 


4. 



■ 






.000002660 
.000003074 

.000005 5M 
.000007069 

.00001099 

.00001514 

.00002063 
.00002731 
.00003706 
.00004009 

.00005309 

.00008275 
.0001061 
.0001351 
.0001705 

.0002135 
.0002655 
.0003276 
.00O4S97 
.0007136 

1811 

.ooi*:-j 

.001941 

• 002415 
.00345* 

coisai 

.005110 



1,100. 

1,200. 
1,220. 
1,250. 
1,300, 



1,350.. 

1,400.. 
1,150. 

1,500. 

1,550. 



1,600 

1,650 

1,700 

1.750 

1,800 






. 007326 
.009110 

-01134 
.013*8 

.01612 

.03609 

08)14 
.0)633 

.04441 
-05436 
.05794 



1,850. 
1,900. 

1,950. 
2.000. 
2,050, 

2,100. 
2.150. 
2,200. 
2,250. 
2,300. 



2,350 

2.400 

2.450 

2,500 

2,550 



2.000 

2.650 

2.700 

2.750 

2,500 



2.850 

88: 

3.100. 






0.06562 
.07391 
.08278 
.09720 
.1243 

.1548 
.1887 
.2254 

.2647 
.3059 

.3456 

.3922 
.4363 
.4904 
.5241 

.5669 
1006 

.6487 

.(-971 
.7236 

.7S79 
. 7900 
.8196 
.8470 
.8719 

.8945 
.9147 
.9325 
.9679 
.9612 

.9722 
.9815 
.9888 

.9940 

.9974 

.9995 

.9995 
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. »_: 
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4,800 
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5,200 
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5,800 
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6.400 

6.600 

6^00 

7.000 
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7/00. 
7,100. 
f fiOO 

8.400. 



8300 

9,200 

10,000 

10,400 

10300 

11,200 

11,600 

12,000 

12,400 



12300 

13,200 

13/00 

14,000 

14.400 



O6200 
.5967 
.5740 
.55M 
.5103 

.4715 
.4155 
.4023 
.3716 
.3435 

.3177 
.2940 
.2723 
.2523 
.2340 

.2173 

.2019 
.1873 
.1743 
.1519 

.1321 

.115? 

.1018 

.06970 

.07932 

.07036 
.06261 
.OS588 
, 05001 
.04458 

.04339 
.03644 

.03295 
.02986 
.02713 



;S 

3lw 

3&S 

&•■ 

■ 
4.100 

4.200 

Oft 

4,» 



.9762 
-9603 
.9418 
.9209 




H300 

;<-*» 

sss 



.4*. ij 

.02469 
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.01886 
.01689 

.01525 
. 01370 
.01246 
.01130 

.01027 

rtftflM.4 

.008548 

.00 



TABLE 2A.— Energy Distribution of Planckian Radi 



tator 



(Coayoled from formula E x -- £~ In which Ct-14,350] 
(A Uctor tea be« used for 884* temperature that makes E x - 100 at wat* leaaih 5 W out 



X In millimicron! 



Relative values of E x /or Che followlnc temperatures, 9 in de K rr*« absolute 



1 1,000* 



1,100* 






430 

110.... 

420 

430 

440- 



8* 

•a. 






it. 






::: .. 





... 
r: 

Bfl 

tt 

0mf~. --. 

M 

'-' •-- 



a 006703 
. 01421 
.02893 
.05705 
.1066 

.2003 
.3588 

.6259 
1.066 

X.767 

2. 870 
4.564 

7,114 
10 88 
16.37 

24.20 
35.25 

50. 60 
71.60 
100.0 



137.8 

187.7 

253.1 

33 

444.9 

5SI.2 
753.0 
965.4 
1,229 

1,551 
1.943 
2,416 
2.931 



a 01917 
. 03755 
.07097 
.1300 
.2309 

.39S7 

.6708 
1.102 
1.763 
2.775 

4.274 
6.460 
9.589 

13.98 

2U 10 

28.45 
39.73 
54.68 
74.41 
IOOlO 

132. S 

174.9 
227 5 

293.3 

374.4 

474.3 
596.2 
742.0 

917.2 

1,127 
1.374 
1.663 
2.001 



1,200' 



04598 
.0*424 
.1495 
.2579 



I 



1,300* 



1,400* 



.7072 
1.128 
1.763 
2.696 
4.042 

5,952 

a 616 

12.2s 

22 
23.83 

32.50 

43 52 
53.30 

76 

ioao 

1218 
164.6 

207.9 
260.7 
324.2 

399.7 
49a 1 
555. 5 
718.6 

862.0 

1.023 

17 

1.434 



a 09646 
.1671 
.2313 
.4605 



1400* 



1.149 
X754 

Z625 

31 853 
5.555 

7.881 

11.01 

13.14 

54 

27.52 

5.42 

47.61 

61.60 

78.86 

10a 

125.5 
156.4 

192.9 
236.1 
257.0 

346 5 
415 1 
494.4 
584.8 

687.7 
804.6 
935.3 



airco 


.3006 


.4831 


.7579 


1.162 


1.741 


2.559 


3692 


S.2J3 


7 299 


10 03 


53 


IS, 15 


23,91 


3X1S 



1380* 



4a 17 

5X16 
64.55 

ioao 

122.7 
149.7 
ISO 9 
217.1 
7 



306.4 
360.5 
42X3 
49aO 

557.0 
652.2 
747.3 
85L1 



a 3155 
.5000 

.7722 
1.166 

L7» 

2,498 
3.552 
4.963 

6. 

9.251 

12.36 

16 

2! 21 
27.26 

34.70 

43.69 
54. *9 

67.26 
40 
100.0 

12a 5 
144.1 
171.1 

201.3 
236.4 






:o.3 
313.8 
367.0 
4315 

479.3 
543,7 
614.3 

69a6 



a 5104 
.7795 
1. 163 
1.699 
2.435 

3.420 
4.721 
6.424 
8.609 
11.37 

11s: 

19 08 
2* 25 
30.55 
310> 

47.00 
57.46 
69.66 
83.82 

ioao 
11& 4 

139.3 
162.7 
189 1 
218.2 

254X6 
286.2 
325. 2 
367.7 

413.8 
463.3 
517.2 
574.5 









X b r'nlama 


Relat 


ive taIucs of 


E x for (be followinj temperatures, 9 in decrees absolute 


1,700» 


1300' 


1,900* 


2,000» 


2,200* 


2,400* 


2,600* 


V r t . - . . ****** * * *■ * 


a7S07 

L155 

X671 

2.370 

3.303 

4,520 
6.084 
R 077 

ia57 

13.65 

17.42 
2X97 
27.40 
33.83 

4L38 

50.16 
60.28 
71.92 
55.03 
100.0 

116.6 
135.3 
155.9 

178.6 
203.7 

230.9 

260.5 
292.2 
326.5 

363.3 
402.8 
441.7 
489.1 


1.138 
1.637 
2.304 
3.186 
4.331 

5.786 
7.619 
9.896 
12.68 
16.05 

20.10 
24.87 
30.50 
37.02 
44.56 

53.15 

62.93 
73.69 
86 29 
100.0 

115.1 
131.8 
150.1 
169.9 
191.2 

214.4 
239.3 
265.7 
293.9 

323.9 
355 4 
389.0 
423.5 


1.596 
2.233 
3.072 
4.153 
5.517 

7.218 
9. 324 
11.87 
14,93 
18. SS 

22.84 
27.62 
33.57 
40.10 
47.56 

55.99 

65.37 
75.76 
87.31 

ioao 

113.8 
128.8 
144.9 
162.4 
18L0 

200.9 
221.8 
244.1 
267.6 

292.2 
318.1 
345.0 
372.6 


2.163 
2.962 
3.980 
5.263 
6.867 

a 806 
11.16 
13.97 
17.28 

21.15 

25.63 
30.74 
26. SS 
43.13 

5a 44 

58.62 
67.71 

77.52 
83.37 

ioao 
112.6 

126.1 
140.6 
155.9 
172.2 

189.2 

207.2 
226.2 
245.7 

266.2 
287.6 
309.3 

33 1.8 


3.660 
4.816 
6.231 
7.955 

iaoi 

12.44 

15.27 
1154 
22.23 

26.52 

3L27 
36.59 
42.46 
48.88 
55. W 

6157 

7L82 
60.61 
9ft 07 

ioao 
11a 5 

121.7 
133.2 
145.4 

1510 

17L0 
184.5 

3912 
212.4 

227.1 
241.9 

256.8 

271.9 


5.665 

7.206 
9.046 
1L20 
13.69 

16 55 
19.80 
23. 43 
27.49 
3L97 

36.92 
42.26 
4102 
54.24 
60.88 

67.91 
75.42 
83.23 
91.43 

ioao 

1018 

1110 

127.4 
137.0 
145.9 

157.0 

167.3 
177.6 
1810 

1915 

209.0 
219.6 
23a2 


1210 
30.15 
12.41 
14.96 




17.86 


M 

i'jj 


21.10 
24.67 
2162 


-»_... 


32,87 




37.51 




42.46 




*2J 

it- 


47. 7S 
S> 39 
59.28 
65.48 




7L96 


.. 


7165 


«... 

■t. 


£5.53 

92,72 

ioao 

107.5 
115 1 




122.8 


2 

•*• 

I'.; 






13a 5 

1313 

146.2 
154.0 

16L8 


«*.. ;;/ 


169.6 


■*••■ 


177.4 
185. 
192.6 

2oai 



'C«apnUdfromTat)l«l. 



TABLE 2A— Continued 




X In millimicrons 


Relative Talues of E^ for th 


followini 


; temperatures, 9 in 


decrees absolute 


2300* 


3300* 


3,250' 


3,500* 


3,750* 


4300* 


4,500* 


5300* 


400 


11.27 
13.62 
16 25 
19.19 
22.44 

25.98 
29.80 
33.92 
38.35 
42.97 

47.92 
53.06 
58.41 
63.96 
69.67 

75.57 
81.53 
87.58 
93.84 
100.0 

106.3 
112.6 
1119 
125.1 
131.3 

137.4 
143.6 
149.4 
155.3 

161.1 
166.6 
172.2 
177.5 


14.84 
17.54 
20.54 
23.80 
27.32 

3L07 
35.11 
39.33 
43.75 
4135 

53.12 
58.06 
63.08 
61 2S 
73.45 

7173 
84.02 
89.34 
94.68 
100.0 

105.2 
110.5 
115.5 
120.5 
125.4 

130.2 
134.8 
139.5 
143.9 

148.1 
152.2 
156.1 

159.7 


19.97 
23.09 
26.44 
30.03 
33.80 

37.75 
41.85 
46.09 
50.47 
54.94 

59. 4G 
64.03 
6167 
73.26 
77.84 

82.43 
86,92 
91.33 
95.74 
100.0 

104.2 
108.3 
112.1 
115.9 
119.6 

123.0 
126.4 
129.6 
132.6 

135.4 
1311 
140.6 
142.9 


25.70 
29.17 
32.80 
36 59 
40.52 

44.55 
4165 
52.83 
56,99 
61.25 

65.43 

69.62 
73.70 
77.78 
81.73 

85.60 
89.46 
93.07 
96.59 
100.0 

103.3 

106.4 
109.2 
112.0 
114.7 

117.1 
119.4 
121.6 
123.6 

125.3 
127.0 
1215 
129.8 


32.01 
35.75 
39.57 
43.49 
47.44 

51.44 
55.45 
59.44 

63.42 

67.27 

71.15 
74.87 
7148 
81.99 
85.40 

8156 

91.72 
94.58 

97.33 

ioao 

102.5 
101.8 
106.9 
1019 

na7 
112.3 

113.8 
115.0 
116 2 

117.3 
1112 
1119 
119.6 


38.75 
42.64 
46.53 
50.43 
54.43 

58.30 
62.09 
65.64 
69.47 
72.97 

76 43 
79.69 
82.79 
85.72 
8148 

91.13 

93.63 
95.68 

93.03 
100.0 

101.7 
103.3 
104.8 
106.0 
107.2 

1012 

108.9 
109.6 
110 2 

110 7 
1109 

111.1 
111.2 


53.37 
57.27 
6L10 
64.84 
68.44 

71.67 
75.12 
7115 
81.01 
83.74 

86.22 
88.51 
90.67 
92.51 
94.26 

95.77 
97.12 
9117 
99.21 

100.0 

100.6 
101. 1 
101.5 
101.7 
10L8 

101.8 
101.6 
101.3 
10L0 

100.6 
100.0 
99.50 
9178 


6174 


410 


72 37 




75.82 


430 


79.04 




8L97 


450 


84.70 




87.21 




89.50 


480 


91.50 




93.27 




94.79 




96.18 




97.27 


530 


9117 


540 


9183 
99.41 




99.76 


570 


99.98 

ICO 




ioao 

99.83 


610 


99.33 




93.89 
9126 




97.68 


650 


96 93 


660.. 


96.01 




95.12 


680 


94.16 
9122 




92.11 


/ •S' 4 * VAV * 4 « V4 mmm* ***** 

720 


91. 02 
89.85 



X in millimicrons 



Relative talues of E x for the following temperatures, * In decrees absolute 



5,500* 6,000 



5.S0O* 



* *- . 

4W 

440 ' 

450 
440 

*70 

**> 

w0,* #fcfc , 



* ■ * ■ - 

ltMI«.a«| 

%mm%\ ****** 



*J •--*.. 

J*^ •*••*. 

>JV-, * • ••*••»»»••».*. 

*"V» **••***••••*•*« t , 
w^J ^ ***** « 

570 

580 

590 



MO 

Mtf. ..**■■■*•** ittiiti 



650. 
660. 
670. 
680. 



690 

£}*^ *■ ••*■•••*»•• 

7ml m 1 »•->«•*.*»*>**»**«*» 



84 51 
87.59 

90 41 
92 86 
95.05 

96.98 

98 .'■'> 
•/) 99 

101.0 
101.9 

102.5 

102. ') 

103. 1 
103 1 
102.9 

102.6 
102.2 

101.5 
100 9 

ioao 

9199 
93.04 
96.94 
70 
94.49 

93.23 
91.92 
90.55 
89.12 

87.74 
86.28 
84.78 
63.30 



6,500* 



8300- 



100.4 
102.7 

1CM 

106.2 

107.5 

1014 
• 1 

1OT.5 
10). 8 
109.6 

109.) 
108.8 

1012 
107.3 
106.4 

105.3 
101 1 
102.9 
101.5 
100.0 

98.53 
96.93 
95 41 

93 73 

92.05 
90.29 

M 10 

86 88 

65.21 

83 48 

81.71 
80.00 
7131 



L500* 



115,8 
117.0 
1110 
1117 
119.0 

119.0 
1117 
US Z 

117.4 
116 4 

US. 3 

114. 

112.5 
110 9 
109.4 

107.6 
105. 8 
103.9 

102 

ioao 

97.96 
91 02 
93 96 
91.99 

89.90 

87.87 
85.92 
81.94 

81.94 

79.99 
7109 
76.26 
74.38 



7,000= 



5 3OO ' 



9,000" 



10,000° 



12300 1 



7,:o: 



ijol 7 

131.0 
130 9 
130 5 

in. 9 

1217 
177.6 
126 
124 4 
122.6 

1207 

1186 

5 

114.2 

112.0 

109 7 

10: 
104 8 
102 5 

ioao 

97.60 
95.23 
9:. 97 
9199 
8130 

85.98 
11.78 
81.53 
79.37 

77.30 
75 21 
73.22 
71.21 



8300* 



1517 
156.6 
154. J 
1)1.6 
1419 

146.0 
142 9 
139.6 
136.3 
133. 

129,5 

I 

122 7 

119.3 

116.0 

112. 8 
109.5 
106.2 
103 ! 

ioao 

96 87 
93.99 
91.11 
8132 

85.57 

82.89 
80 30 
77.85 
75.34 

73.01 
70.80 
6160 
66.44 



: '."»'" tOjOOt* 



18X8 

179.3 

K4.8 

iTn 1 

163 3 

160.5 
155 7 
150 9 
146.1 

141.4 

136 8 
132 3 

127.9 
120 5 
119.2 

111 J 

111.2 
107.4 
103.6 

ioao 

96 49 
93.05 
8176 

86.64 

•3.64 



77.84 
75.12 
72.51 

69.99 
67.56 
65.23 

6i97 



2061 

199.4 

: 6 

1860 
179.4 

172.9 
166 4 

ieo 4 

154.2 
lit 4 

142.7 

1 
111.9 
126 I 

121.8 

117.2 

7 

1012 

104 

ioao 

96 Ot 
92 42 
M -32 
85 39 
82.13 

78 99 

76 07 

13 

7a 41 

67.74 
65.21 
62.83 
6a 48 



12,000* 



243.7 
232.6 

222.1 
211.8 
201.9 

192 7 
183 6 
175 1 

lit. 1 

151.8 
144 $ 
1H 1 
131.4) 
125.7 

120.1 
114.7 
109.5 
104 6 

ioao 

95.62 
9L47 
-7.42 
83.70 
80 06 

7168 
7X45 

70.37 
.43 

64.68 

62.05 
59.53 
57.10 



X In millimicrons 



Relative values of E x for the fotlowinc temoeraturea. in decrees absolute 



14,000* 



400 
410 
420 
430 
440 

450 

4W 
470 
480 
490 

500 
510 
520 
530 
540 

550 

560 
570 
580 

600 

610 
620 
630 
640 

650 
660 
670 
680 

690 
700 

710 

720 



272.9 
2513 
244.2 
231.1 
2117 

207.0 
196.2 
155. 7 
176 1 
166.8 

1512 
150.0 
142.5 
135.2 

1215 



16,000< 



75.08 
71.71 
6149 
65.50 

62.57 
59.90 
57.28 
54.83 



295.5 
- 4 
26? 1 
246 3 
232,0 

218.4 
205.7 
194.0 
182.9 
172.7 

163.0 
154.0 
145.6 

137.8 

13a 4 



18,000* 



122.0 


123.5 


116 1 


117.0 


110.4 


110.9 


105.0 


105.4 


ioao 


ioao 


95.24 


94.94 


90.74 


90.28 


86.48 


85.76 


82.47 


81.60 


7163 


77.75 



73.99 
70.51 
67.19 
64.12 

61.17 
53.44 
55.82 

53,30 



315.2 
294.9 
275.9 
2514 
242.1 

227.0 
213.2 
200.3 
1813 
177.1 

166.8 
157.1 
1411 
139.8 
132.0 

124.6 
117.8 
111.4 
105.5 
100.0 

94.72 
89.86 
85.27 
81.05 
76.93 

73,12 
69.60 
66.25 
63.14 

60.16 
57.31 
54,66 

52.20 



HUKXT 



3305 
3011 
287.4 

2610 
2504 

234.1 
219. 2 
205.3 
192.5 

ieae 

169.7 
159.5 
150.0 
141.3 
133.1 

125.5 
1115 
111.8 
105.7 

100.0 

94.60 
89.64 
84.95 
80.53 
76.43 

72.54 
6195 
65.52 
62.35 

59.31 
56.50 
5X80 

51.28 



22,000' 24.000* 



343.6 
319.2 
296 9 
276 4 
257.7 

240.1 
224.3 

209.6 
196.2 

18X8 

172.1 
161.6 
15L8 
14X6 
134.2 

126.3 
119.0 
11X3 
105.9 

ioao 

94.60 
89.50 
84.68 
80.26 
7605 

7X05 
6148 

64.96 
61.80 

5177 
55.87 
53.18 
50.68 



:v>v 



354.3 

323.3 
304.6 
232.9 
263.1 

244.9 
2213 

2U.0 
198.9 
186.0 

174.1 
16X1 
15X9 
143.5 
134.9 

1268 
119.4 
112.4 
106.0 
100.0 

94.40 
69.22 
84.37 
79.85 
75.61 

71.65 
67.97 
64.49 
61.24 

5118 

55.32 
5X62 
50.09 



2BJXKT 



363.4 
3362 
311.3 
2814 

2610 

2418 
231.7 
2160 
201.3 
1811 

175,7 
164.5 
154.1 
144.5 
135.5 

127.: 

119.7 
11X7 
106.0 

ioao 

94.32 

89.05 
84.20 
79.61 
75.37 

71.34 
67.63 
64,06 
6a 80 

57.76 
54.83 
5X22 
49.61 






371.7 
34X0 
317.3 
293.5 
27X1 

25X6 

234.8 
2113 
203.4 
1E9.8 

177.2 
165.6 
154.9 

145.2 
136.2 

127.7 
12a I 
11X9 

106.2 

ioao 

94.36 
89.02 
84.00 
79.35 
75.03 

71.02 
67.27 
63.81 
6a 49 

57.41 
54.57 
51.83 
49.28 



TABLE 2B.— Energy Distribution of Planckian Radiator 



x-= 



IfJomputed from formula g^aaa-g— i n which C»=14^50l 

eX?_! 

[A factor has been used for each temperature that makes E\=100 at wavo lencth 560 raw] 



X In milli- 

■ 


Relst 


ive Talues of E\ for the followine temperatures, * in decrees absolute 


microns 


1,000* 


1,100* 


1,200' 


1,300* 


1,400* 


1,500* 


1,600* 


w*^J * ■ *)*> a* * • * • • • • • 

410 

420 


a 01902 
.04032 
.03221 
.1618 
.3080 

.5631 
X013 
1.776 
3.023 
5.013 

1141 
1X95 
2018 
30.87 
46.44 

68.66 

ioao 

143.6 
203.1 
28X7 

390.8 
53X5 
717.9 
956.6 
1,262 

1.649 
2.136 
2.739 
3,487 

4.401 
5.511 
6.853 
8,456 


04826 
.09454 
.1785 
.3272 
.5815 

1.004 

1.683 
2.774 
4.450 
6. 985 

10.76 
16 26 
24.14 
35.18 
50.60 

71.61 

ioao 

137.6 
187.3 
25X7 

334.4 

440.3 
57X6 
7313 
94X5 

1.194 
1.501 
1.868 
2,309 

2.837 
3.453 
4.186 
5,037 


a 1049 
.1922 
.3412 
.5336 

.9370 

1.614 
X575 
4.024 
6.153 
9.224 

13.53 
19.66 
2102 
39.31 
54.38 

74.16 
100.0 
133.0 
175.2 
2212 

293.9 
375.6 
474.5 
594.9 
739.9 

91X3 
1.118 
1.359 
1,640 

1.967 
2.345 

2.778 
3.273 


a 2026 
.3510 
.5907 
.9674 

X546 

2.412 
3.683 
5.513 
1092 
11. 67 

16.56 
23.12 
31.81 
4X14 
57.80 

76 49 

ioao 

129.4 
165.6 

21a 

26X5 
321 S 
405.1 
495.9 
60X8 

727.8 

871.9 
1.038 
1.228 

1.444 

1.690 
1.966 

2.272 


0.3558 
.5875 
.9443 
X431 
X270 

3.403 

5.001 
7.215 
10.24 
14.26 

19.61 
26.54 
35.47 
46 74 
6a 95 

7151 
10O.O 
126 2 
157.9 
195.5 

239.9 
29X5 
35X6 
424.3 
505.5 

5919 

704.7 
8XX5 
957.6 

1.108 
1.275 
1.461 
1.663 


05790 
.9176 
1.417 
2.140 
1164 

4.584 

6.519 
9.108 
1X53 
16.93 

2X69 
29.90 
3193 

5a 02 

6X69 

80 13 

ioao 

12X4 
151.2 
18X5 

221.0 
264.4 

313.9 
370.3 
43X8 

505.2 
555.0 
67X5 
77L5 

879.5 

997.7 
1.127 

1. 267 


08883 
L357 

X025 


430 


X956 


440 


4.237 


450 


5.951 


460. 


1221 


470. — .... 


11.18 


480 


14.93 


490 


19.78 
25.79 


510... — 


3X21 


520 


4X25 


530...... 


5X17 


540. 


66.29 




81.80 




ioao 


570 


121.2 

145.9 




174.0 


600 

610 

620 

630 

640 


206.1 
24X4 
253.2 
329.1 
379.8 

436.2 


660 

670 

680 

C//V - BMSM"* 1 ** 


4910 
565.9 
64a0 

7201 
806.3 
900 1 
*».8 














TABLE 2B— Continued 




X In millimicrons 



RcUtWc Tilues of E\ (or the followtn* tem»ef-Uttr« t 9 io decree* absolute 



X In millimicfcaf 



IM) 

"* 




MO 



>poo* 



«o 



** - 



500 

MO 

^T^^a^a^a^a^a^a^a^a^a^H 



>»-■ a * •****». 



3». 
540. 
370. 
580 

590. 



1X82 


17 66 


11 7t 


M 17 


19 91 


2144 






■•i 


32 


31 86 


34 99 


S5 


4L78 


41.60 


HS1 


47 


52.08 


3X711 


57.54 



610 
620 
430 

640..., 









• *••* 



'•*»-■•**-•**- 



670 



■ 






vraaa •**. 



700. 
710, 
720, 






5178 
65 Crt 
71 64 
78 45 
85.45 

92.68 

ioao 

107.4 

its I 

12X7 

130 4 
1.3* 1 
145.8 
153.5 
161.1 

1616 
176 

183.2 
190 5 

197,5 
204.4 
211. 3 

217.7 



sjsr 



2J 
tA. 11 

81.23 
IJ 

91 71 
100 
106 3 
11X7 
119.0 

125 
131.5 
13^ 
Hi 4 
149.3 

155 

I 5 

166 

171.2 

176 3 

181.2 
1*5.8 
190.1 



5^80* 



22 n 

24 57 

30 42 



4) 41 

5X03 
38 07 

6X21 

M 41 
7X67 
79.01 
84.29 
89.56 

94.84 

ioao 

105 i 
110 2 
1111 

119 9 

124.6 

129.9 

UX3 

.6 

141 6 

145 4 

1 1 

15X6 

155.8 
8 

161.8 
164.4 



a 
u 

3* 

«»0 
30 

4) 
54 38 

4X70 
61 

14 

*2 

8X39 

■6,94 

9L36 

9148 

100 
104 

ioao 

111.8 

115 4 
1119 
12X 1 
in 
1X8.2 

1M9 

133.5 
135.9 
1311 

140 1 
14X0 

14X6 

14! 



98 
3198 

41 14 

m 

60 
44 80 

49.14 
34 

WU 

89.40 

10 

■ 

103 1 

10». 

109 

111 7 
114 3 
lift 3 
1117 
12a 7 

122 4 
124 
125.4 
1217 

19.9 

1218 

129 7 

u 



54 

24 

«H 

■* 

8183 

11 

m 

SI SS 
94.50 






w 


4 
104 

106.6 

101 

110 4 
111 

U4.S 
IIS 5 
111 

n 

1112 

US 5 

I 7 

^7 



80 
SI 41 

81 

88 

♦1 34 
» 

98 S8 

1« 

LOXO 
6 

10* 
104 

104 

104.3 

i 4 

1*16 

l J 
1X0 

10X5 

t.O 

: s 



n 
•i 

M 

94 41 

9141 

9» 

1819 

3 

1081 

♦4 

98 

It 
V. 
»5 
9139 

93 44 
92 

41 

9107 



X In millimicron! 



Relative values o( Ex for the foUowinx lems*ratures, * la d 



400. 

410. 
42). 

440. 



450.. 
460„ 

470.. 
430.. 
490.. 



500.. 
510.. 
520.. 
530. 

510.. 



550. 
560. 
570. 
580. 
990. 



GOO. 

610. 
620. 
630. 
640. 

650. 
660. 

670. 

680. 

690. 
700. 
710. 
720. 




X In millimicrons 



Relative values of Ex for the folio wine tem»e f *tufrt, * in decre*a sbtaluta 



14,000* 



16JWT 



400. 

410.. 
420. 
430. 
440.. 



450 

460. 

470. 

480. 

490. 



SOD.. 

510.. 
520.. 

530.. 

510. 



550. 
560. 
570. 
580. 
590. 

C«. 

610. 
620. 

e:o 

610. 

08 

660 
670 
680, 



700. 
710. 
720. 



235.1 

22X5 
210.4 
199.1 
1814 

1714 

169.0 
160 
15L7 
143.7 

136.3 
129.3 
12X7 
116 5 

1107 

105.1 

ioao 

95.10 
90 49 

86.15 

8X05 
7117 
7151 
7X05 

67.74 

64.69 

6L78 
59.01 

56.43 

53.90 
5161 

49 35 
47,24 



253.4 
237.9 
224.0 
210.5 
1913 

186 6 
175.8 

165.8 
156.3 

147.6 

139.3 
13L6 

124.5 
117.8 
111.5 

105.5 
100.0 
9181 
90.05 
85.46 

8L14 
77.16 
73.29 
69.74 
66.44 

63.23 
60 26 
57.42 
54.79 

52. y 
45755 



IS/NT 



IOjOOO* 22^00* 



24^00* MJMT UfiW 



267.6 
25a4 
234.3 
219.4 
205.6 

19X8 
18L1 
17a 1 
159.8 
15A4 

14X7 
13X4 
125.8 
111 

XIX 1 

105.8 

ioao 

9160 

89.55 

84.91 

8042 
76 30 
7X40 
6182 

65.32 

6X09 
59.10 
5125 
5X61 




2719 
260 
24X5 
226 2 
211.3 

197.5 
165.0 
17X2 
16X5 
15X5 

14X2 

134.6 

1266 
119.2 
11X3 

105.9 

ioao 

9A37 
89.22 
84.38 

79.83 
75.64 
7L67 
67.95 
64.49 

6X21 
5113 

55.29 
5X61 

:4$.4o 

•4- 



7 
2613 

249 5 

232 2 

5 

201.8 

ins 
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